In this research, Tm 2 O 3 doped zinc silicate based glass-ceramics were prepared by using conventional melt-quenching method and has been successfully derived from ZnO-WRHA glasses with control heat treatment process. The formation of zinc silicate phase affected by heat treatment process was investigated using X-ray diffraction. Fourier transform infrared reflection spectroscopy (FTIR) analysis was used to determine the crystallization of Zn 2 SiO 4 in the glass matrix. FTIR analysis showed the appearance of Zn 2 SiO 4 and SiO 2 bands that supported the formation of Zn 2 SiO 4 crystal phase in the glass matrix. The optical absorption and energy band gap of the glass and glass-ceramics was investigated using UV-Vis spectroscopy. The absorption edge shows the movement towards longer wavelength with increasing heat treatment temperature. Besides, the energy band gap decreased with the progression of heat treatment. This ability to enhance optical properties in glass-ceramics was expected to have bright future in the opto-electronics devices.
Introduction
In recent researches, it's very common with fabrication of zinc silicate glass from waste products such as soda lime silica (SLS) glass and waste rice husk (RH) as substituents to silica [1] [2] [3] . RH is agricultural waste from paddy outer layer and is abundant in most Asian country [4] . The fact that most Asian country staple food is rice, high production of rice approximately 400,000 metric tons annually which the waste mostly discarded or burnt in open area that lead to environmental problem [5, 6] . RH has great attention to researches because of its high amount of silica content around 92-97% with few metallic impurities and has few properties such as high porosity, high external surface area and low density [7] . Besides that, fabrication of white rice husk ashes (WRHA) from RH is low cost compare and save energy from using pure silica.
Glass-ceramics has both glass and ceramics properties make it more interesting which relevant optical properties and durability at lower expense [8] . Zinc oxide (ZnO) is often used as a based precursor glass. This is because properties of ZnO that has low melting point, good mechanical point, environmental friendly, and can be either network modifiers or network former in the glass [9] [10] [11] . Zinc silicate (Zn 2 SiO 4 ) based glass-ceramics is a promising application in opto-electronics industry such as fluorescent lamp, oscilloscope, light emitting diode (LED) and many more display and lighting devices [12] . Doping rare earth (RE) ions or transition metal (TM) into Zn 2 SiO 4 can enhance the optical properties of the Zn 2 SiO 4 because dopant works well in the glass-ceramics due to the crystal matrix present and can be used as application in field of laser technology and optical communications [13] [14] [15] [16] .
Thulium(III) oxide (Tm) has the ability to change the band structure which will improve the photo-activity of the materials because of its electron configuration [15] . The property of Tm is closed to Er 3+ but more expensive and was recently found. Even though, there is little researched on Tm as a dopant due to the price however, Tm-doped crystalline host or fibres can operate at range 1800-2000 nm and has higher polarization degree than Er 3+ [17, 18] . Tm have strong absorption bands in 785 nm ranges thus make it possible to be pumped by laser and Tm doped fibre laser can produce high output power with multiple pulse width and spectral width [19] . Doping zinc silicate are no longer new however studies of fabrication of zinc silicate from waste rice husk and using Tm as dopant still remain scarce.
In this study, the synthesize of doping Tm into the zinc silicate based glass-ceramics from waste rice husk will be performed to investigate the effect of controlled heat treatment method in the glass-ceramics and to obtain the structural and optical properties behaviour from the Tm for phosphor material in opto-electronic application. ) x where x = 0.01 wt% were prepared by using conventional melt and quench method. The mixture was milling to obtain homogenous mixture. The mixture powder then melted in electrical furnace at 1400 °C for 2 h. The molten glass was poured into the water to obtain the glass frits. The glass frits was ground into fine powder with size of < 45 µm. The fine powder was pressed using hydraulic press machine at 5 tons pressure with polyvinyl alcohol (PVA) as binder to produce pellets. The prepared pellets were heat treated at various temperatures (600-900 °C) and hold for 4 h to produce zinc silicate based glass-ceramics.
Experimental

Precursor glass preparation
Characterization
The density of precursor glass was measured using densimeter (MD-300s) supplied with Alfa Mirage balance at room temperature using Archimedes principle and water as buoyancy liquid. The crystallization behaviour was investigated by using X-ray diffractometer (XRD). XRD patterns were recorded using an X'Pert PRO MPD diffractometer (PANalytical, Philips) and the measurements were carried out with Ni-filtered Cu Kα radiation = 1.5406 Å as the X-ray source at 40 kV and 40 mA to identify the formation of crystalline phase.
XRD patterns were recorded using an X'Pert PRO MPD diffractometer (PANalytical, Philips) and the measurements were carried out with Ni-filtered Cu Kα radiation = 1.5406 Å radiation as the X-ray source at 40 kV and 40 mA to identify the developed crystalline phases. The FTIR reflectance spectra of the precursor glass and glass-ceramics were recorded using a FTIR spectrometer (Spectrum 100, Perkin Elmer) in the wavenumber range 400-1100 cm −1 . The room temperature optical absorption spectra of precursor glass and glass-ceramics were recorded in a UV/Vis/NIR spectrophotometer (UV-3600, Shimadzu). Table 1 shows the density and linear shrinkage of the 1% Tm 2 O 3 doped zinc silicate based glass-ceramics. Figure 1 shows the trend of the density's result. From Fig. 1, it shows that the density increased gradually from 27 to 900 °C. The density of the samples was increased with the increasing of heat treatment temperature from 600 to 900 °C because the glass samples received extra energy. From this process, the atomic arrangement inside the sample re-arranged themselves which increase the compactness of the sample due to decrease in internal pores. Figure 2 shows the trend of linear shrinkage of the sample which support the idea of decrease in internal pores. As can be seen, the linear shrinkage increases from 27 to 900 °C. Decreasing in internal pores is due to the fact the grain size increase after heat treated. When the grain size increase, the atom inside the sample become more compact to each other. In addition, volume of the samples decrease with progression of heat treatment therefore resulted in increase in density [14] .
Results and discussion
Density and linear shrinkage analysis
X-ray diffraction analysis
The XRD patterns of 1% Tm 2 O 3 doped samples are shown in the Fig. 3 . Based on the XRD results, at temperature below 800 °C it shows broad halo characteristics, which reflects the characteristic of amorphous structure. The absence of sharp peak in the XRD pattern for temperature 27 °C, 600 °C and 700 °C from the samples indicated the samples were in glassy state and amorphous in nature. However at temperature at 800 °C, broader peaks occurred due to smaller crystallite sizes and at temperature of 900 °C, a clear sharp peak shown is due to larger crystallites formed which is indicated the formation of Zn 2 SiO 4 phase. At temperature 800 °C, the peak started to show which support the idea of formation of β-Zn 2 SiO 4 and the phase changed to α-Zn 2 SiO 4 after heat treated at 900 °C. This is supported by the broad peak and low intensity produced at 800 °C meanwhile at 900 °C, the peak improved to narrow and sharp peak and the intensity increase significantly. Increase in heat treatment temperature will cause the crystal growth rate become rapid and lead to production of larger crystallites [9] . In addition, peak intensity at temperature 800 °C is low due to weak crystallinity [16] . Some of the highest 1% Tm 2 O 3 doped zinc silicate peaks are formed at 2θ = 25.62°, 31.60°, 34.06°, 38.88° and 49.06°. The peak intensity of diffraction for 900 °C is the highest due to the well crystalline form inside the material with progression of heat treatment temperatures [20] . Table 2 shows the vibrational mode assigned to each wavenumber obtained from the FTIR results. Figure 4 show the FTIR spectra of 1% Tm 2 O 3 doped zinc silicate. The vibration of the functional group of the zinc silicate occurred when the infrared energy is the same with the functional group. According to Table 2 , it clearly stated that the vibrational mode occurred here was the Si-O asymmetric stretching vibration, Zn-O-Si vibration and Si-O symmetric stretching vibration. This vibration is suggested due to the formation of zinc silicate [14] . From Fig. 4 , it can be seen that the vibration of 1% Tm 2 O 3 doped zinc silicate can be seen clearly from the graph. In addition, the vibration can be seen clearly at temperature of 800 °C and 900 °C due to the presence of crystalline phase in the structure. After heat treatment process, the bands related appeared at 790 cm (SiO 4 asymmetric stretching vibration) [21, 22] . As shown, the intensity of FTIR bands was increase with the increase of heat treatment temperature. This is because, by increasing temperature of heat treatment process, the crystallinity increases which the formation of zinc silicate phase occurred. From Fig. 4 it shows the intensity of Zn-O-Si vibration increase with heat treatment, which indicate the increasing of Zn-O-Si bond in the sample [22] . The content of SiO 4 inside the doped sample was decreased due to an addition of Tm 2 O 3 in the system. However, based on the FTIR spectra it shows absence of Zn-O bond. This is maybe due to the breaking of the Zn-O bond between the samples. There is no bond for Tm 2 O 3 appear in the FTIR result because of the low concentration of Tm 2 O 3 being used [23] . Figure 5 shows the absorbance spectra of 1% Tm 2 O 3 doped zinc silicate for various temperatures. According to Fig. 4 , the absorption edge of heat treatment temperature for 1% Tm 2 O 3 doped zinc silicate at highest temperature will be higher compare to the lower temperatures. This is because; at temperature 900 °C the samples are in well-crystalline form. Thus, increase the absorption intensity as absorption increase with crystallization. The wavelength of absorption edge for 900 °C shifted to higher wavelength compared to 600 °C. Besides that, the lowest intensity of absorbance is when the sample is at room temperature, 27 °C. This is because at temperature 27 °C the structure is in amorphous form. Based on the data obtained, the graph of band gap energy plotted.
FTIR
UV-Vis analysis
The extinction coefficient is plotted against energy, hv as shown in Fig. 6 . The obtained values of optical energy gap were decreased with progression of heat treatment temperatures. In order to obtain the type of the transition, the E opt of the samples were calculated using formula ( hv) 1∕n versus hv curves to ( hv) 1∕n = 0 for different values of n. By comparing the value of differential curve obtained, it can be confirmed that n = 1/2 were achieved. From Fig. 6 , it can be seen that the optical band gap decreases with increase in heat treatment temperature from 4.18 to 3.62 eV. The decreasing of the optical bandgap is due to scattering of short wavelength light by the crystal present in the samples. The progression of optical band gap is depending on the transmittance values. For instance, when transmittance increase, the energy gap increase (more incident photons pass through this layer), also when transmittance decrease this mean energy gap decreased. Besides that, the energy band gap also decrease due to the formation of NBO's in the glass. This phenomenon occurs because when the amount of NBO's increase, the bond are likely to weaken from the decrease in average bond energy [12] .
Conclusion
In summary, Tm 2 O 3 doped zinc silicate based glass-ceramics from waste rice husk was successfully prepared by conventional melt and quenching method. Increment of heat treatment to the glass system was shown to give increment to the density of the glass. Based on XRD results, it shown the present of sharp peak that indicate the crystallization process occurred in the glass. FTIR spectra shows the formation of zinc silicate phase after heat treatment. 
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The optical band gap decreased by observation the absorption. If the absorption increases, this mean energy gap decreases where less incident photons pass through this layer. Besides, the energy bandgap of the glass shown to be decreased because there is formation of NBO's inside the glass and glass-ceramic samples. This ability to enhance optical properties in glass-ceramics was expected to have bright future in the opto-electronics devices.
